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Abstract

The utilization of chlorinated solvents, specifically Class I Ozone Depleting Compounds
(ODCs), has been continually scrutinized by the U.S. Environmental Protection Agency (EPA)
and the Occupational Safety and Health Administration (OSHA). This is a direct result of the
United States entering into an agreement with several other nations throughout the world to limit
the production of these materials (Montreal Protocol 1987). In fact, the EPA has placed very
heavy restrictions on the production of 1,1,1 trichloroethane, one of the most commonly known
and utilized chlorinated solvents, as of January 1996. This announcement prompted the Aviation
and Troop Command (ATCOM) to fund a program designed to identify, test and evaluate
commercially available cleaners to replace 1,1,1 trichloroethane during the processing of aviation
components. ATCOM requested the Army Research Laboratory - Materials Directorate to
develop and execute this test program. Two critical cleaning applications were identified based
upon a thorough review of all cleaning processes utilized during part manufacture, and repair at
Army depots: cleaning prior to non-destructive inspection (NDI) and cleaning prior to adhesive
bonding. This report discusses the rational behind identifying alternative cleaners for these
applications, the test and evaluation plan, and the results of the test program.
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Section 1:

Overview -







R

1.1 Objectives. The objectives of this work were as follows:

(1) To provide two alternative ozone depleting compound (ODC) compliant cleaners for use
prior to adhesive bonding and prior to non-destructive inspection (NDI).

(2) To change the depot maintenance work requirements (DMWRs) and other maintenance
manuals where 1,1,1 trichloroethane is called out, and substitute an appropriate alternative cleaner.

1.2 Introduction. Trichloroethane has been proven reliable as a cleaner prior to adhesive
bonding and NDI. Any replacement must meet the same degree of reliability, while still maintaining
material compatibility. Adhesive bonding and fluorescent penetrant inspection (FPI), which is one
specific NDI test method, require a high degree of cleanliness; therefore, any replacement that meets
the requirements of these applications should also meet the requirements of other NDI and joining
disciplines that are not quite as sensitive to cleanliness. A single replacement for 1,1,1
trichloroethane will be difficult in that its utilization is so widespread. It has characteristics that are
extremely advantageous from a procedural point of view. The low boiling point, low toxicity level,
and proficient solubilizing potential make 1,1,1 ideal for manufacturing operations from degreasing
to precision cleaning to nondestructive evaluation. Deviations from these effective characteristics
will increase the procedural time, sometimes drastically, and may even increase cost due to hardware
and/or machinery alterations that might be required. Regardless, the restriction on the use of 1,1,1
trichloroethane is imminent, and an environmentally acceptable replacement must be found. The
focus of this program was to provide test data on prospective alternate cleaners prior to (1) adhesive
bonding and (2) NDI in order that potential users can make more educated decisions on which
products would best fit their needs.

1.3 Section 2: Identification of Commercially Available Products To Replace 1,1,1
Trichloroethane. The aircraft industry, chemical corporations, DOD agencies (Army, Navy, and
Air Force), and the EPA were contacted in an attempt to develop a comprehensive listing of the most
prospective candidate cleaners. The U.S. Army Research Laboratory Materials Directorate (ARL-
MD) initially expanded upon the database of possible chemical cleaning replacements created and
investigated by the Corpus Christi Army Depot (CCAD), Corpus Christi, TX. CCAD had performed
total immersion corrosion and cleaning efficiency tests on a large number of alternative aqueous
cleaners and their respective 10% dilutions. In addition, ARL-MD contracted the Texas Research
Institute Austin, Inc. to perform a detailed search of related work on the subject of 1,1,1 replacement.
This work has been included in section 2 of the report. The comprehensive listing formed was very
dependent on the specific process being utilized. Therefore, two separate lists were generated, one
for adhesive bonding and one for NDL The industrial chemical companies are continually investing
large amounts of money into developing replacements for 1,1,1 trichloroethane. Various private
aviation corporations (i.e., McDonnell Douglas, Sikorsky, Boeing, Lockheed, and Northrop) have
also contributed significantly to the replacement effort. However, it must be understood that these
alternatives are continually changing, specifically the chemical compositions change as restrictions
become tighter and cleaners that were acceptable gradually become obsolete. Many alternatives
received from the aircraft industry were found to be out of date. The major chemical companies
attempted to stay ahead of the new laws and regulations by developing improved formulations. In
fact, some of the cleaners identified as viable replacements for 1,1,1 already have new formulations.
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In addition, many of the private aviation corporations performed the bulk of their research as much
as 5-10 years ago due to the restrictions and penalties placed on the use of these chlorinated solvents.
Until recently, the government has traditionally been given exceptions to these restrictions and
penalties.

1.4 Section 3: Downsizing of Alternatives Through Initial Testing. The comprehensive
listing of candidate cleaners for adhesive bonding and NDI revealed more cleaners than could
possibly be tested within the time constraints of this program. Therefore, both lists were shortened
based upon a variety of performance and environmental factors. ARL-MD contracted Rensselaer
Polytechnic Institute (RPI) to perform most of the initial qualification testing. The University of
Connecticut was also contracted to perform auger and x-ray photoelectron spectroscopy (XPS) of
the cleaners. The results of these works are found in section 3.

1.5 Section 4: Materials Compatibility Investigation. The top six candidates for cleaning
prior to adhesive bonding were subjected to materials compatibility testing. The cleaners were
Callosolve 120, Aerosolve 2000, Parts Prep, Shop Master, Solvall 5234, and ALK-660 acquired
from the listing and analysis detailed in the previous section. The top 11 candidates for cleaning
prior to NDI were also subjected to materials compatibility testing. They included isopropyl alcohol,
P-D-680, Citrex, Spotcheck SKC-HF, Desoclean 45, Teksol EP, Bioact 113, Axarel 56, TPC
Solvent, Dynasolv 108, and Electron NDE. Although it was not expected that these compliant
solvent cleaners would be extremely corrosive or embrittling, the testing was carried out on the side
of caution. The testing performed included total immersion corrosion, effects on unpainted surfaces,
sandwich corrosion, stress corrosion cracking, and hydrogen embrittlement testing.

1.6 Section S: Alternative Cleaners Effects on Adhesive Bonding. The actual number of
alternate cleaners that could be utilized for adhesive bonding tests was decreased based upon the
extensive amount of specimen preparation, testing, and the combination of materials that were to be
tested. Therefore, the top cleaners from the downsized comprehensive list were chosen for testing.
Since the top two cleaners were of the same general chemical make-up, it was thought that choosing
two from the top five would provide a better guideline. In addition to the control, trichloroethane
and isopropyl alcohol were utilized along with two prospective aqueous cleaners. The objective was
to demonstrate that a replacement for 1,1,1 in the adhesive bonding process was feasible in both a
manufacturing and a repair environment. The approach was to compare the effectiveness of the
potential replacement on various metal substrates utilizing 1,1,1 trichloroethane as a baseline control
group. ARL-MD contracted the U.S. Army Armament Research, Development, and Engineering
Center (ARDEC), Picatinny Arsenal, NJ, to perform the adhesive bonding testing.

1.7 Section 6: Alternative Cleaner Effects on Non-Destructive Inspection. The main focus
of this portion of the program was to find a cleaner that could be utilized as a replacement for 1,1,1
on the Depot Maintenance Work Requirements (DMWRs). It has been determined that, of all the
NDI techniques, the FPI method—specifically, the solvent removable and post-emulsifiable
methods—has utilized 1,1,1 trichloroethane to the greatest extent (according to MIL-STD-6866).
Additionally, since those FPI methods require the highest level of cleanliness, if a replacement
cleaner works well with these processes, it will work for all other NDI procedures as long as material
compatibility is maintained.
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1.8 Conclusion. The results obtained from this program indicate that Desoclean 45 and
Dynasolv 108 (DS 108) would be viable alternatives to 1,1,1 with respect to cleaning prior to NDI
and Parts Prep is recommended for use prior to adhesive bonding. The U.S. Army Aviation and
Troop Command (ATCOM) is presently updating the DMWROs and maintenance manuals to reflect
these findings. The results and conclusions drawn from this program are encouraging with respect
to the ongoing effort of trichloroethane replacement. The results have shown that minimal material
compatibility problems exist with the strongest of the alternative cleaners. It must be emphasized
that even 1,1,1 trichloroethane has a dissociation problem when it becomes hydrolyzed. The diluted
semi-aqueous replacements that contain a certain amount of blended solvents were not expected to
have superior performance concerning hydrogen embrittlement. The program has identified two
feasible candidates for adhesive bonding of the materials specified and several acceptable candidates
for FPI processing. .
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The aircraft industry, chemical corporations, Department of Defense (DOD) agencies (Army,
Navy, and Air Force), and the Environmental Protection Agency (EPA) were contacted in an attempt
to develop a comprehensive listing of the most prospective candidate cleaners. ARL-MD initially
expanded upon the database of possible chemical cleaning replacements created and investigated by
the Corpus Christi Army Depot (CCAD), Corpus Christi, TX. CCAD had performed total immersion
corrosion and cleaning efficiency tests on a large number of alternative aqueous cleaners and their
respective 10% dilutions. In addition, ARL-MD contracted the Texas Research Institute Austin, Inc.,
to perform a detailed search of related work on the subject of 1,1,1 replacement. This report is
included in this section. The comprehensive listing formed was very dependent on the specific
process being utilized. Therefore, two separate lists were generated, one for adhesive bonding and
one for NDI. The industrial chemical companies are continually investing large amounts of money
into developing replacements for 1,1,1 trichloroethane. Various private aviation corporations (i.e.,
McDonnell Douglas, Sikorsky, Boeing, Lockheed, and Northrop) have also contributed significantly
to the replacement effort. However, it must be understood that these alternatives are continually
changing—specifically, the chemical compositions change as restrictions become tighter and
cleaners that were acceptable gradually become obsolete. Many alternatives received from the
aircraft industry were found to be out of date. The major chemical companies attempted to stay
ahead of the new laws and regulations by developing improved formulations. In fact, some of the
cleaners identified as viable replacements for 1,1,1 already have new formulations. In addition,
many of the private aviation corporations performed the bulk of their research as much as 5-10 years
ago due to the restrictions and penalties placed on the use of these chlorinated solvents. The
Government has traditionally been given exceptions to these restrictions and penalties, until recently.

Identification of Alternatives

It was determined that due to the intricacy of the NDI process, alternatives would be limited to
solvent-based-compliant (with present Federal regulations) cleaners, even though some chemical
companies refer to their cleaners as “aqueous based” as they are not traditional solvents. The
adhesive bonding segment of this work is relatively more forgiving and less stringent in regard to
the chemical composition and characteristics of the alternative cleaners. Therefore, aqueous-based
and citrus-based cleaners were investigated for replacing 1,1,1 trichloroethane prior to adhesive
bonding. The classifications were clarified based upon ARL-MD discussions with the respective
manufacturers.
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Listing:

I. Alternatives for cleaning prior to adhesive bonding:

NAME

1. Callosolve 120

2. Aerosolve 2000

3. Parts Prep

4. Shop Master

5. Solvall 5234

6. Alk - 660

7. Quaker 624 GD

8. Quaker 697 UT

9. Power Cleaner 310 L
10. Cee-Bee Cleaner A 7x7
11. Penair HD-1

12. Turco 4215-NCLT
13. Jettacin

14. Alu-Kleen

15. Brulin 815 GD

16. DOT 111/113

17. Bioact 40

18. Metal Aid DR

19. Aeroclean DN 30
20. Blend 300

21. Natural Blue

22. ReBound 7

23. ReBound 4

24. Soluclean 5131

25. Turco Spray Ease
26. UniKleen # 129-3
27. UniKleen # 14-B
28. Bioact 50

29. Magnaflux 1-2-3
30. Super Bee Cleaner 212
31. Penair HD-4

32. Daraclean 282

33. Nectraclean

Manufacturer

Zip Chem Products
Aerocote
Ecolink
Buckeye Int.
Working Solutions
Eldorado Chem.
Quaker

Quaker

West Pentone
McGean-Rohco
West Pentone
Turco Products
Dubois Mfg.
Heat Bath
Brulin

Delta Omega
Petroferm

PCT Tech.
Aerocote
Ecolink

Loctite

XXCEL Tech.
XXCEL Tech.
Working Solutions
Turco Prod.
Heat Bath

Heat Bath
Petroferm
Magnaflux
McGean-Rohco
West Pentone
W.R. Grace
CRC Industrial



II. Alternatives for cleaning prior to Non-Destructive Inspection:

NAME

Manufacturer

1. Reagent Grade Isopropyl Alcohol

2. P-D-680

3. Citrex

4. Spotcheck SKC-HF
5. Desoclean 45

6. Teksol EP

7. Axarel 56

8. Bioact 113

9. Dynasolv-108

10. Electron NDE

11. D-Greeze 500

12. EP 921

13. Kustom

14. PF 01

15. PF 145 HP

16. Pre-Solv

17. Electro 140

18. Super 140

19. Super Chem Trust
20. Vortex

21. X-Caliber

22. Loctite 70/70

23. Spotcheck-SKC-S
24. Pensolv L805

25. Pensolv L.945

26. Desoclean 110

27. NMP

“28. Kustom HFP

29. HF-165
30. TPC Solvent

Inland Tech.
Magnaflux
Courtnald Aero.
Inland Tech.
Petroferm
Petroferm
Dynamold
Ecolink

Solvent Kleen Inc.
Inland Tech.
Certified Labs.
P-T Tech.

P-T Tech.

LPS

LPS

LPS

Madison Bionics
Ecolink

Inland Tech.
Loctite
Magnaflux

West Pentone
West Pentone
Courtnauld Aero.
BASF

Certified Labs.
Amax Industrial
West Pentone

2-5




INTENTIONALLY LEFT BLANK.

26 |






INTENTIONALLY LEFT BLANK.

2-8



!

[ TEXAS RESEARCH INSTITUTE AUSTIN, INC.
A Texas Research International Company

|
|
\
i
\
[ 1, 1, 1-Trichloroethane Replacements State of the Art Report
Submitted To: U.S. Army Research Laboratory
Contract # DAAL01-94-M-S451
| John Bulluck TRU/Austin
? August 31,1994

COTR: Victor Champagne

R

e

2-9




1.0

2.0

3.0

4.0

5.0

6.0

7.0

TABLE OF CONTENTS

BACKGROUND

ALTERNATIVES TO 1,1,1 TRICHLOROETHANE

2.1 Solvent Type Alternatives to 1,1,1 - TCA

2.2  Solvent Based, Aqueous Emulsion Cleaners, & Semi Aqueous Cleaners
2.3  Aqueous Cleaners

24  Problems with Semi-Aqueous and Aqueous TCA Replacements

INDUSTRIAL CONTACTS AND INFORMATION CONCERNING 1,1,1 - TCA
SUBSTITUTES

CONTACT WITH OTHER GOVERNMENT AGENCIES CONCERNING TCA
ALTERNATIVES

4.1 Government Supplied Data on Solvent Substitution
SUPPLIER INFORMATION ON PRODUCTS
ASC HAZARDOUS MATERIAL ALTERNATIVES SELECTION GUIDE

SUMMARY

2-10



2-11




INTENTIONALLY LEFT BLANK.

2-12



1,1, 1-TRICHLOROETHANE ALTERNATIVE CLEANERS
FOR NDI AND ADHESIVE BONDING APPLICATIONS

1.0 Background

Many of the organic solvents that have historically found utility as cleaning

solvents for metals and plastics are being replaced. Much of the impetus for this
replacement is coming from government legislation and agencies. The chemical industry
is undergoing dramatic changes due to the United States participation in cooperative
-international agreements such as the Montreal Protocol. This was a conference convened
in 1987 as an international effort in response to the ozone depletion problem. The
Protocol seeks to abolish the use of ozone depleting compounds such as
chlorofluorocarbons (CFC’s) and hydrogenated chlorofluorocarbons ( HCFC’s). The
only commonly used solvent that was regulated by the Montreal Protocol is 1,1,1 -
trichloroethane, which is to be phased out by 2002. In response to this meeting, the EPA
has passed the Clean Air Act which mandates a 50 % reduction in the use of TCA by 1
January 94, and complete abolition of production by 1 January 96. In addition to the
above incentives, a 1989 tax levied on CFC’s has further limited their use. The phase out
date for all HCFC’s will be scheduled in 2030. When searching for an alternative solvent
for TCA, one must be certain that the replacement compound is not a volatile organic
compound, cancer causing agent or other environmentally regulated chemical.

TCA is an excellent solvent with a unique combination of characteristics that will

make the development of an identical drop-in replacement difficult. However depending
on the application, there are a number of chemicals that might function as an acceptable
substitute. Among the advantageous characteristics of TCA is its high Hansen solubility,
non-flammability, and evaporative properties. The Hansen solubility is a measure of
solvating characteristics. TCA is excellent at solvating organics, greases, waxes, and
polar contaminants, making it the compound of choice in the metal surface cleaning
industry. TCA, like other chlorinated solvents, evaporates quickly and leaves behind
very little residue. It is highly volatile, but is considered VOC exempt because of its
inactivity as a smog precursor. This permits its widespread usage in adhesives and
coatings.

Three companies control the vast majority of the world’s TCA production: DOW,

PPG, and Vulcan. Production of TCA last year was 600 million pounds with a value of
$280 M (C&E News, 1994). The financial impact of this ban has solvent manufacturers
actively investigating and recommending alternative solvents. Dow has developed a
computer program (Chemkop) which uses evaporation profiles and solubility parameters
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to select a combination of solvents (typically glycol ethers) that will provide performance
similar to that of TCA. All of the alternatives have benefits and limitations, and
customers are being forced to decide which replacement will best suit their needs.

TCA has been employed extensively in non-destructive analysis, primarily liquid
penetrant testing. The Army Research Laboratory has been tasked to identify, test, and
evaluate alternative cleaners to replace 1,1,1 - trichloroethane for use in non-destructive
evaluation. The ideal substitute solvent should be environmentally safe, and should not
be controlled as a volatile organic compound, ozone depleting, or a hazardous material.
Because of TCA’s excellent solvating properties, it is used in three steps of penetrant
testing:

1. Precleaning. TCA was used to clean surfaces of grease, oil, films, dirt, and other
contaminants before application of the penetrant. This ensures complete penetrant access
to flaws, and surface wetting. For most simple cleaning, TCA precludes the use of a
separate precleaning agent, and its drying time is very short.

2. Excess penetrant removal. After a suitable dwell, TCA can be used to remove
penetrant from the surface, leaving only the penetrant that had infiltrated surface defects.
Once again, the short drying time increases inspection efficiency by allowing near
immediate application of developer.

3. Post Cleaning. After inspection for flaws, TCA can be used to remove developer and
completely remove all penetrant from flaws.

TCA is commonly used as-a solvent vehicle for the penetrant. TCA has been
widely used in the cleaning of surfaces before adhesive bonding. TCA is the most widely
used solvent in the vapor degreasing of large parts and the solvent wiping of small parts.
Any alternative must be considered in light of toxicity, flammability, solubility
characteristics, cost, and availability. Newly selected substitutes for TCA should not
negatively affect NDI results, and should optimally provide the multiple cleaning
capabilities exhibited by TCA so that multiple cleaners are not needed for each step of the
penetrant testing process.

When class 2 solvent removers are used, proper procedures and strict adherence
becomes paramount. Typically, these materials exhibit high boiling points (low
evaporation rates) and high flammability (low flash points). When using these organic
Class 2 materials it is imperative not to use too much cleaner in the solvent wiping
process to prevent the penetrant from being displaced from the flaw. - Surfaces must also
be given adequate time to dry between cleaning and application of adhesive bonding
material. Many of the Class 2 solvents have decreased solubility parameters reducing
penetrant removal but some of the Class 2 aqueous emulsified detergent solvents have
proven effective. Because it is an aqueous solvent, copious amounts can be applied to
surfaces without risking penetrant removal from flaws. However, because of the
solvent’s slow evaporation rate, heat or long times must be employed before developer
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application. In lieu of evaporating solvents from the surface, isopropanol and methanol
have been used as solvent removers, but they are flammable. A number of new Class 2
materials are available, as are a number of HCFC’s with Class 1 status, including 141 B,
which will be available for some time.
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2.0 Alternatives to 1,1,1 - Trichloroethane

2.1 Solvent Type Alternatives to 1,1,1 - TCA

Alternatives to TCA include the petroleum distillates of the following organic
compounds: n-paraffins, alcohols, ketones, naphtha, and n - methyl - pyrrolidone. These
solvents are acceptable in many instances where flammability is not an issue. Many
chlorinated compounds can function as substitutes for TCA, however many have toxicity
problems associated with their open use.

Ashland Chemical now markets seven alternative solvents for TCA. These
solvents are composed of primarily hydrocarbon solvents with glycol ether additives.
Ashland is also working with Shell to market its diacetone alcohol cleaner. The solvent
is said to be safer than acetone (less volatile and a lower flash point) and exhibits
excellent solvating properties.

Dupont’s attempt to resolve the TCA issue include marketing HCFC’s that are
possible interim TCA replacements (untii HCFC banning in 2020); selling
perfluorocarbon solvents to a restricted clientele and researching a number of dibasic
ester products (DBE). DBE is a refined mixture of dibasic esters typically including 17
% dimethyl adipate, 66 % dimethyl glurate and 17 % dimethyl succinate. DBE has
exhibited no reproductive or developmental toxicity ( Gallagher, 1990). DBE is
suggested as an alternate to methylene chloride as well as TCA.

Dow Chemical, the largest manufacturer of TCA, is restructuring its chlorinated
solvent business ( C&E News 1994). It has been suggesting customers replace TCA with
glycol ether combinations or trichloroethylene. Dow is also suggesting replacement of
TCA with perchloroethylene in operations where toxicity problems are not a major
concern.

Exxon produces a number of alternatives as TCA replacements and they include
iso-paraffins, normal paraffins, and heavy aromatics. These solvents are not intended as
drop in replacements because of differences in solubility and evaporation profiles.
Hoechst Celanese produces a methylene dimethyl ether solvent, Methyal. The product
possesses excellent potential for replacing many chlorinated solvents including TCA and
methylene chloride.

Terpene type compounds are being touted as viable replacements for TCA and
methylene chloride. A number of companies produce and market these terpenes that are
isolated from natural sources such as orange peels or cantaloupes. The compounds are
typically mixed with an organic solvent such as a hydrocarbon, a non-ionic type’
surfactant, and antioxidants.
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Another alternative solvent for TCA is produced and marketed by GAF under the
name Foamflush. These materials are believed to be an ester of organic acid and
additives. Foamflush is a polar aprotic solvent with outstanding solvating characteristics.
waste material is classified as non-hazardous, reducing disposal costs when compared
with methylene chloride. Foamflush has a very slow evaporation rate that may present
problems for some applications.

Below is a table that summarizes some of the information above regarding organic
solvents , semi-aqueous, and aqueous alternatives to TCA:

RGANIC SOLVENTS Producer Advantages Disadvantages
Dibasic Ether Dupont Solubility , Flammability
HCFC’s Dupont Solubility & Flammability 2020Controlled
Trichloroethylene Dow Chemical Solubility & Flammability Toxicity
Paraffins / Aromatics Exxon Solubility Flammability -
Methylene Ether Hoechst Solubility Flammability
Perchloroethylene Dow Chemical Solubility Toxicity
Glycol Ethers Dow Chemical Solubility Flammability
Ester Alcohols Eastman Solubility Flammability
Hydrocarbon & Glycol Ethers Ashland Solubility Flammability
Terpene & Hydrocarbon Based Brinmont Solubility Toxicity
Diacetone Alcohol Shell Solubility Flammability
Foam Flush GAF Solubility Flammability
Aqueous & Semi-Aqueous & Solvent Ecolink Aqueous Solubility
Terpene Pride Solubility Toxicity
Terpene & Semi Aqueous Macdermaid Solubility Toxicity
Aqueous Kleer-Flo Solubility Toxicity

2.2 Solvent Based, Aqueous Emulsion Cleaners, & Semi Aqueous Cleaners

Solvent based and emulsion cleaners have been used for years to clean metal
parts. Solvent based cleaning systems contain an organic solvent that is in combination
with nonyl phenol ethoxylate surfactant and cosolvent. These cleaning systems are
available from a variety of commercial sources.

Terpenes are a class of naturally occurring chemicals isolated from the essential
oils of various fruits, spices, and vegetables. Brinmont Corporation markets a
biodegradable cleaner based on D- limonene called Brinsolv DL. Brinsolv DL is a water
dispersible and rinsable cleaning solvent. A number of other terpene cleaners can be
formulated using Beta-pinene, Alpha-terpene, and Dipenetene (Robinson, 1991).

Water soaking for a specified time in a terpene solution is a good option to
cleaning with TCA. A closed loop cleaning system should be used because of waste
disposal considerations. D-limonene is a relatively safe and highly effective organic
solvent that is replacing chlorinated solvents to find increasing usage in household and
industrial cleaning. D-limonene has been described as a skin sensitizer although there has
not been any scientific literature to confirm this assertion. The limonene based cleaners
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are high water type emulsion cleaners. The organic component of the emulsion
solubilizes the organic contaminant and the water serves as a rinsing vehicle. The
advantages of this type of cleaning system include a high flash point, low volatility, little
residual material after cleaning, and they are not CFC’s. The primary disadvantage of
this type of cleaner is slightly different solubility parameters from TCA. This requires
modification of degreasing equipment, making them more energy dependent. Another
disadvantage is that the run off must be treated as waste chemical (Robinson, 1991).

Semi-aqueous cleaners, such as DuPont’s Axarel, are another class of chemicals
that could be effective replacements for TCA. Semi-aqueous cleaners are ideal for
solvating heavy greases, oils and tars, but are typically flammable. Closed equipment is
needed for any large scale processing using these solvents.

2.3 Aqueous Cleaners

Most aqueous cleaners consist primarily of an alkaline salt and they have been
widely used in the adhesive area for years as metal pre-treatments. Detergents, soaps, and
caustic soda are inexpensive, non-toxic, and the easiest cleaning agents to handle. They
can be applied by spray, immersion or scrubbing, and can remove many types of dirt,
oils, and grease. Aqueous cleaners typically contain organic surfactants that assist in
emulsification of the organic contaminant. They also contain pH buffers, deflocculents,
corrosion inhibitors, and other additives (Robinson, 1991).

The primary advantages of using aqueous cleaners are that they have no volatile
organic compounds (VOC) or flash point problems. Switching to water based cleaners
insures a long term solution and investment. Among the disadvantages are the time and
energy associated with cleaning parts, lower solvating ability, modification of equipment,
and in many instances, purchase of new equipment.

A great deal of variability has been noted in the cleaning of metal surfaces with
aqueous cleaners. It is felt that much of this variability results from the cleaning
technique. The most important factors in the aqueous alkaline cleaning of surfaces are:
(1) the alkaline cleaning solution should be newly prepared and free of contaminants (2)
the proper pH should be maintained for the cleaning solution (3) the temperature of the
aqueous solution should be as high as convenient to achieve good cleaning in a minimum
amount of time and (4) agitation of the cleaning solution will assist the dissolution of
contaminants. '

Steam cleaning with detergents is another well-developed water based method of
cleaning surfaces. Steam can provide the mechanical agitation of the surface contaminant
while the detergent emulsifies the contaminant. Filtration of the waste water can be
accomplished and the water reused. Because of the cleanliness of the parts and the lack
or residual contaminant, steam cleaning is an alternative to TCA cleaning of surfaces.
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Surfactants can be combined with glycol coupling agents and water to form good
water based cleaners. The surfactants typically used in these types of cleaners are
primarily non-ionic, with a lesser amount being cationic, or anionic. Surfactants typically
exhibit high surface tension as well as various degrees of detergency, foaming, solubility,
and emulsification of contaminants.

2.4 Problems with Semi-Aqueous and Aqueous TCA Replacements

The two primary problems with aqueous or semi-aqueous replacements for TCA
are waste disposal and solubility extent. The waste from the cleaning process will
contain cleaners as well as a combination of greases, oils, and other contaminants. The
- regulations of the controlling municipality may consider these products to be hazardous
waste. Consequently, specific water treatment methods may be required to make waste
water acceptable for drain disposal.
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3.0 Industrial Contacts and Information Concerning Trichloroethane Substitutes

The chart below summarizes TRI/Austin’s contacts with industrial producers of
TCA substitutes. Section 5.0 contains technical information on the products. The
alternatives to TCA include solvents, semi-aqueous, and aqueous materials.

Contact Telephone Product/Company Comments

Sally McCoach 1-800-231-0988 DiBasic Ester/Dupont ~ Seven DBE Replacements
Alice Brown 1-800-234-5115 ArcoSolv Solvents TCA Replacement, Flammable
Anthony Durante  1-201-628-3913 Foam Flush MeCI2/TCA Replacements
Scott Lange 1-919-292-0566 Brinsolv DL MeCI2 Replaces, Toxicity

Bill Green 1-404-621-8240 Ecolink Inc. 20 Alternatives, Excellent

Jeff Berlin 1-516-752-7848 Pride Inc. Citrosolv Plus

Kevin Raberge 1-612-934-3909 Kleer Flo Greasoff*2

Bob Griffiths 1-203-575-5700 MacDermaid Multiple Products, Good

ATT is evaluating n-butyl butyrate isolated from cantaloupes for chip cleaning.
Hewlett Packard is replacing CFC’s with n-methyl pyrrolidone for cleaning processes.
Ashai has been active in the development of TCA alternatives and has developed a series
of semi-aqueous and aqueous alternatives. Oxychem has developed some chlorinated and
fluorinated toluene derivatives.
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4.0 Contact With Other Government Agencies Concerning TCA Alternatives

At the suggestion of ARL-MD several other government sectors that are also looking
for TCA alternative solvents were contacted in the execution of this study. The most useful
information was obtained from the Wright Patterson Air Force Base, which has been actively
involved in seeking TCA, ozone depleting compounds, and hazardous solvent replacements for
several years. The investigations for the alternative solvents involve NDI as well as other
specific applications. The literature obtained provides an excellent starting point in the
identification of TCA alternatives, including many points of contact. Mr. Chuck Pallerin was
extremely useful in identifying the key personnel involved with the identification of ozone
depleting or hazardous materials options. The two individuals most intimately involved in this
effort are Carroll Herring and Jim Folck. A booklet has been published entitled “ASC
Alternative Materials Guide” identifying Air Force and private industry efforts in alternative
solvents throughout the world. A new list of alternative materials and points of contact is
under development for a new edition. The updated spreadsheet portion is included in this
section. This includes the most updated information available from the Air Force on ozone
depleting and hazardous materials alternatives. This should provide an excellent starting point
for the Army effort. The information includes substance, specific process, alternative process /
product being proposed or under investigation, status of implementation, information source,
advantages, and points of contact. Two compounds that were mentioned in conversations of
the penetrant process as TCA replacements were Electron (manufactured by Ecolink) and EPA
2000 (manufactured by Western Chemical International). There is a general agreement that
there is no plug in alternative for TCA in all applications. The material or process chosen as
TCA substitutes will depend on the complete service profile for the application. Steve
Spatafora at the Naval Air Warfare Center was also contacted, and while NAWC is extremely
concerned about the problem and investigating alternatives, their studies are not presently as
developed as the Air Force at Wright Patterson.

INDIVIDUAL TELEPHONE #
CHARLES PALLERIN - 1-513-255-3929
JIM FOLCK 1-513-255-3059
CARROLL HERRING 1-513-257-5567
STEVE SPATAFORA 1-215-441-2704

Also included is Section 6.0, a copy of the “ASC Hazardous Material Alternatives Guide” that
was compiled by the USAF. The document includes on hazardous materials and provides a
listing of viable options for specific applications. The documents also includes general
applications such as cleaning of surfaces as well as surface preparation before adhesive
bonding. The appendix at the end of the ASC document concerning hazardous materials
alternatives listing has been recently updated and is included.

Los Alamos National Laboratory (LANL) has also conducted a study to investigate
identification of appropriate solvent substitutes (refer to the Pollution Advisor article). The
study involved identifying, testing, and gathering information on alternative solvents and
methods.
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4.1 Government Information on TCA Substitutes

This section contains a number of tables and information concerning the studies and
testing for TCA substitutes. It contains a great deal of relevant material concerning the
products available, application, and points of contact. I would like to acknowledge the people
previously mentioned at Wright Patterson for their assistance in obtaining this pertinent
information.
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5.0 Supplier Information on Products
This section contains some technical product literature of identified products.

This section is not intended to provide information on all the TCA substitutes but
provides information on some of the viable materials unearthed in this study.
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MacDermid

INCORPORATED

245 FREIGHT STREET - WATERBURY, CT 06702 - TELEPHONE (203) 575-5700 - INTL. FAX 203-575-7900 - DOM. FAX 203-575-5630
August 24,1994

Mr. John Bulluck

Texas Research Institute
91063 Bee Caves Rd.
Austin, Tx 78733

Dear Mr. Bulluck,

Thank you for your interest in MacDermid’s new line of
aqueous cleaners - New Dimensions. MacDermid has been a
leader in cleaning technology for over 75 years. This
breadth of technology has enabled us to develop a series of
cleaners specifically designed to replace harmful chlorinated
solvents.

New Dimensions are environmentally safe and in most cases
clean better than the harmful products they replace. Here is
what one large automotive supplier had to say.

"New Dimensions provided capable degreasing performance
with a 67% reduction in cycle times. Mechanical
evaluation of bond integrity indicated a 14% increase
in bond strength and a 37% increase in bond ductility
when compared to current vapor degreasing methods."

our best selling product, Supreme (#10007) has proven to be
an effective solvent replacement. Supreme will safely and
effectively remove most soils from steel as well as other
substrates. Enclosed you will find a technical data sheet
and MSDS for Supreme.

We would be happy to test your parts at MacDermid’s pilot
test facility. Here we utilize agitation, ultrasonics or
spray agitation to duplicate your process. If you have any
further questions or would like to arrange for testing please
call me at 203-575-5726.

Sincerely, .
Aéfvvr" 424///{
Robert Grif€iths

Program Manager
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Eﬁ MacDermid

INCORPORATED Alkaline Liquid Cleaner Degreaser

NEW DIMENSIONS SUPREME

Product Code No. 10007

DESCRIPTION:

A HIGHLY CONCENTRATED
MILD ALKALINE LIQUID CLEANER/DEGREASER

NEW DIMENSIONS Supreme is a concentrated all purpose mildly alkaline cleaner and
degreaser.

Supreme helps to eliminate high disposal costs and problems.

Supreme can be used over and over in the same solution effectively.

Supreme eliminates highly dangerous vapor systems.

Supreme makes water “wetter", penetrate deeper, emulsifies and suspends dirts and soil
quicker, safer and easier.

Supreme is free rinsing and therefore, leaves no film or residue.

After cleaning with Supreme, the surface is often ready for plating, painting or welding
with no additional preparation necessary.

Supreme has a built-in passive inhibitor for short term elimination of oxidation.

FEATURES &
BENEFITS:

» Environmentally Safe Liquid  + Contains no chlorinated solvents
¢ Contains no petroleum distillates
¢ Non-flammable
e Biodegradable
e USDA approved

« Safe on all surfaces (when ¢ General purpose cleaner

used as directed)
J * Free rinsing
¢ Built-in corrosion inhibitor
e Super Concentrate e Economical

e Can be used in any type of immersion
cleaning equipment or one-shot off-line
‘spray cleaning

» Effective in hot or cold solutions
o Degreaser replacement
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CONTROL:

A hand-held refractometer is the recommended method for analysis of Supreme. A
refractometer calibrated in *“BRIX with a range of 0 to 10 is suitable. The refractometer
reading times 5.5 will give an approximate of the concentration.

% Supreme = (Refractometer Reading) x 5.5

Wet analysis of Supreme is as follows:
Indicator - methyl orange
dissolve 1 gram methyl orange into 1,000 mL
deionized water -

Titrant - 0.5N sulfuric acid

1. 25 mL sample of working solution (be careful not to collect any oils, greases from
surface)

Add 50 mL deionized water

Add 10 drops of methyl orange indicator
Titrate sample with 0.5N acid to pink end point
% Supreme b/v = mL of 0.5N acid x 3.1 4

o > oD

An automatic control system is also available for continuous analysis and replenishment.
Contact your MacDermid representative for additional details.

SAFETY &
WARNING :

MacDemnid Inc. recommends that the company/operater read and review the
MacDemid Materials Safety Data Sheets for the appropriate health and safety wamings
before use.

Material Safety Data Sheets are available from MacDermid Incorporated.

WASTE
DISPOSAL :

Prior to using any recommendations or suggestions by MacDemid Inc. for waste
treatment, the user is required to know the appropriate local/state/federal regulations for
on-site or off- site treatment which may require pemits. If there is any conflict regarding
our recommendations, local/state/federal regulations take precedent.

In order to separate greasy, oily contaminants from a used Supreme emuision, the pH of
the spent solution should be dropped to between 6.5-7.5 with muriatic acid (consult your
supplier for proper handling and treatment procedures) and allowed to sit in a still tank
for up to 36 hours.

After the material has been released and has risen to the surface, it can be skimmed
from the top. The oily waste material can then be drained off and disposed of as
hazardous waste. The spent cleaning solution can then be disposed of through an
effluent waste water disposal system.

ORDER
INFORMATION:

Product ' Product Code Container
NEW DIMENSIONS 10007 330 gal tote

Supreme _ 55 gal drum
5 gal pail

Page 3 of 3 - December 16, 1993

New Dimensions Supreme
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MATERIAL SAFETY DATA SHEET

MacDermid

INCORPORATED
245 FREIGHT ST. « WATERBURY, CT 06702 ¢ (203) 575-5700

Health Flammability Reactivity = Other

PRODUCT

: 1 P 1 of 7
PRODUCT NEW DIMENSIONS SUPREVE Issue Date: 09/30/9 age

CODE sr—Revised Bates-12/17/03 —3
24 HR. EMERGENCY NUMBER: CHEMTREC (800) 424-9300

DE MUST MCEYPIYY, QUIRIES REGARDING THIS PRODUCT
PRODUCT CO us k' 0 0 0.'.71

SECTION 1 PRODUCT IDENTIFICATIO

TRADE NAME: NEW DIMENSIONS SUPREME

CHEMICAL FAMILY: INORGANIC /ORGANIC MIXTURE

FORMULA: Proprietary Mixture

HMIS RATING: 1 HEALTH 0 FLAMABILITY 0 REACTIVITY OTHER
O=Insignificant 1=Slight 2=Moderate 3=High 4=Extreme

SECTION 2 HAZARDOUS INGREDIENTS

MacDermid Incorporated has identified the following chemical
ingredient(s) as hazardous. .

INGREDIENT(S) CAS # BY WEIGHT %
Dipropylene Glycol Methyl Ether 34590-94-8 4 - 8
_——-_———__——-'——_—————-———__—___—_——_—_—___—__
SECTION 3 PHYSICAL DATA
%
DENSITY: 9.01 LB/GL FORM: Liquid
SPECIFIC GRAVITY: 1.080 pH: 12.8
FREEZING POINT: 32 F ocC FLASH POINT:n/a

SOLUBILITY IN WATER: Complete
COLOR: Blue
ODOR: Mild

NOTE: These physical properties are typical values for this product

VAPOR PRESSURE: n/a

SECTION 4 FIRE AND EXPLOSION DATA

FLASH POINT: n/a

EXTINGUISHING MEDIA:

NEVER allow run-off to enter sewers or waterways.
Waterspray; carbon dioxide; dry chemical; foam; halon
As appropriate for surrounding material

UNUSUAL FIRE AND EXPLOSION HAZARDS:

Wear self-contained breathing apparatus/protective clothing
Fight fire from remote locations -

2-53
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MacDermid Incorporated

245 FREIGHT STREET - WATERBURY, CT 06702 - TELEPHONE (203)575-5700 - TELEX 4438011 - FAX 203-575-5830
MATERIAL SAFETY DATA SHEET Page 3 of 7

Product: NEW DIMENSIONS SUPREVE Issue Date: 09/30/91

Product Code: 10007 Revised Date: 12/17/93

24 Hour Emergency Number: CHEMTREC (1-800-424-9300)

SECTION 7 PERSONAL PROTECTIVE DATA

RESPIRATORY PROTECTION: If the OSHA-PEL/ACGIH-TLV are exceeded, it is
recommended that a NIOSH approved respirator be used. Consult with your
industrial hygienist for appropriate cartridge selection & use.

For large spills, entry into large tanks, vessels or enclosed sm@ll spaces with
inadequate ventilation, a pressure-demand, self-contained breathing
apparatus is recommended.

VENTILATION: General ventilation is recommended. Additionally, local
exhaust ventilation is recommended where vapors, dusts, mists, or aerosols may

be released.

PROTECTIVE EQUIPMENT:

Splash proof goggles; Face shields; Chemical-aprons; Boots and gloves.

The availability of an eye wash fountain and safety shower is recommended.

If clothing is contaminated, remove clothing and thoroughly wash the affected
body area. Launder contaminated clothing before reuse.

Consult with your Safety Professional/Industrial Hygienists for specific
information regarding applications at your facility.

l!

SECTION 8 TOXI1COLOGY DATA

TOXICITY STUDIES: Toxicity Studies have not been conducted on this product.
However, toxicity literature ‘surveys have been conducted on the ingredient(s)

in Section 2. The results are as ¥ollows:

ACUTE ORAL TOXICITY: Dipropylene Glycol Methyl Ether: LD50 = 5660 mg/kg (Rat)
ACUTE DERMAL TOXICITY: Dipropylene Glycol Methyl Ether: LD50 = 9500 mg/kg (Rat)
ACUTE RESPIRATORY TOXICITY: Unknown
- TOXICITY HAZARD REVIEW (THR) :

DlgroEylene Glycol Methyl Ether is mildly toxic by ingestion

and sxin contact. A mild allergen. Flammable when’ exposed to

heat or flame. Can react with oxidizing material. Excessive

exposure to heat may cause polymerization. )

Listed as suspected carcinogen by: IARC: no NTP: no OSHA: no

—“—‘—_—_—*—*——-—_—“ e R e e — e
SECTION 9 REACTIVITY DATA :
T
INCOMPATIBILITY: Acids

HAZARD DECOMPOSITION PRODUCTS: Unknown
STABILITY: Stable

CONDITIONS TO AVOID: Unknown

HAZARDOUS POLYMERIZATION: No
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MacDermid Incorporated

245 FREIGHT STREET - WATERBURY, CT 08702 - TELEPHONE (203)575-5700 - TELEX 4438011 - FAX 203-575-5830
MATERIAL SAFETY DATA SHEET Ppage 5 of 7
Product: NEW DIVMENSIONS SUPREVE Issue Date: 09/30/91
Product Code: 10007 : Revised Date: 12/17/93
24 Hour Emergency Number: CHEMTREC (1-800-424-9300) 4 7
SECTION 13 REGULATORY DATA
The Following Regulations apply to this product.
FEDERAL REGULATIONS:
OSHA HAZARD COMMUNICATION RULE, 29 CFR 1910.1200: Based on our evaluation, the
following ingredients in this product are subject to this rule:
CHEMI CAL NAME CAS # BY WEIGHT % OSHA-PEL ACGIH-TLV
Dipropylene Glycol Methyl Ether 34590-94-8 4 - 8 100 ppm 100 ppm

CERCLA/SUPERFUND, 40 CFR 117, 302/304: Notification of spills of this
product is NOT required.

SARA/SUPERFUND AMENDENTS & REAUTHORIZATION ACT of 1986 (TITLE III)-Section
s
302,311,312,& 313:

SECTION 302: Extremely Hazardous Substances (40 CFR 355)
This product does not contain ingredients listed in APPENDIX A of 40 CFR 355
as an extremely hazardous substance (EHS): .

SECTIONS 311 & 312 - M.S.D.S. REQUIREMENTS (40 CFR 370):

This product contains ingredients listed in APPENDIX A of 40 CFR 355
and hazardous chemicals under 29 CFR 1910.1200 (c). The product
should be reported under the following E.P.A. hazard categories:

x Immediate (Acute) health hazard Delayed (Chronic) health hazard

Fire Hazard Sudden release of pressure hazard

Reactive hazard
Under Section 311, submittal of MSDS's or a list of product names to the local
emergency planning commision, state emergency response commission, the local
fire department is required after October 17,1987. Consult the regulation for
pertinent changes and updates.
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MacDermid Incorporated

245 FREIGHY STREET - WATERBURY, CT 08702 - TELEPHONE (203)575-5700 - TELEX 4436011 - FAX 203-575-5830

MATERIAL SAFETY DATA SHEET Page 7 of 7

Product: NEW DIMENSIONS SUPREVE Issue Date: 09/30/91
Product Code: 10007 Revised Date: 12/17/93

—_—
SECTION 13 REGULATORY DATA (Continued)

24 Hour Emergency Number: CHEMTREC (1-800-424-2300)

H
<

INTERNATIONAL REGULATIONS:
Canadian Domestic Substance List (CDSL) :
The chemical ingredients in this product are listed with the.C.D.S.L.

The information listed above does not include all Federal, State, and
International regulations. The regulations listed above may change from
time to time; it is the user’s responsibility to keep advised of current
regulatory requirements.

Prepared by MacDermid Inc. Safety & Regulatory Compliance Department, based
upon publicly available reference information.

.
SECTION 14 USER NOTIFICATION
—_—_—

To the best of our knowledge the information contained herein is correct. All chemicals may present unknown
health hazards and should be used with cautlon. Although certain hazards are described herein, we cannot
guarantee that these are the only hazards which exist. Final determination of suitibility of the chemical is
the sole reponsiblliity of the user. Users of any chemlcal should satisfy themselves that the conditions and
methods of use assure that the chemical is used safely. NO REPRESENTATIONS OR WARRANTIES, EITHER EXPRESSED
OR IMPLIED, OF MERCHANTABILITY, FITNESS FOR A PARTICULAR PURPOSE OR ANY OTHER NATURE ARE MADE HERE UNDER
WITH RESPECT TO THE INFORMATION CONTAINED HEREIN OR THE CHEMICAL TO WHICH THE INFORMATION REFERS.
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ROM T
Environmentally Preferred
Soluﬁon; For Industry

FAX MESSAGE
From: BILL GREEN
ECOLINK INC.
PH: 404/621-8240 FAX: 404/621-8245
DATE: August 23, 1994

# of Pages in Transmission, Including This One: ™/

TO: John Bullock
Texas Research Institute

FAX: 512-263-3530

Thanks for your interest in ECOLINK's Environmentally preferred products.
Attached you will find some information about Ecolink, our philosophy and our
methods. | have also enclosed a catalog sheet detailing several of our most
poptilar itemns.

ECOLINK products are used by a wide range of local and regional companies as
well as Fortune 600 companies, including Southern California Edison, General
Dynamics, Litton Industries, General Electric and Westinghouse. We pride
ourselves on being able to offer large and small customers alike, equivalent levels
of unsurpassed service, ‘

Please review the attached information at your earliest convenience. If you have
any questions or need more information, please call me.

1481 Rock Mountain Blvd. / Stonc Mountain, Goorgia 30083 / (404) 621-8240 / 1-800-886-8240 / Fax (404) 621-8245
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Ecolink Product Data

Lnvironmentallv Preelerred
Solutions For'Industey

ELECTRON
Environmentally Preferred Dielectric Solvent

In response to the demand for a non-hazardous electrical solvent, we have
created ELECTRON Environmentally Preferred Dielectric Solvent. In today's
world of complex chernicals and strict chemlcal controls, ELECTRON
Environmentally Preferred Dielectric Solvent offers a refreshingly simple

approach.

ELECTRON Environmentally Preferred Dielectric Solvent is an exceptional
solvent degreaser formulated without chlorinated solvents or other hazardous
ingredients. The base for ELECTRON is a unique high grade oll distillate which
provides its dielectric strength, allowing it to be used safely on all types of
electrical apparatus. With its high flashpoint, ELECTRON provides an
unprecedented degree of user safety.

ELECTRON Environmentally Preferred Dielectric Solvent Is strong enough to
remove greass, fuel oll, carbon and organic resins yet safe on most plastic and
rubber surfaces. Unlike other solvents, ELECTRON can be used without
extensive protective equipment. Only common sense chemical precautions are
required, (see MSDS).

Benefits of ELECTRON Environmentally Preferred Dielectric Solvent:
1. Contains NO water .
2. High dielectric strength.
(ASTM D-877 test procedures to 46,000 volts)

3.  Fully evaporative, Leaves NO residue.

4. NO hazardous ingredients as defined by the EPA.

S. NOT a flammable liquid, (TCC Flashpoint above 145° F).

6.  Contains NO OSHA PEL or ACGIH TLV listed ingredients.

7. NO surface leakage of current in immadiate rasidue tests.
Boiling Point 3703800 F

Flash Point 147 F
Specific Gravity (Ho0=1) | 0.784

EL:0208
02/18/94, Ecolink, Inc. (A Div. of Santry Chemical)

A DIVISION OF
% SENTRY CHEMICAL COMPANY

1481 Rock Mountatn Blvd. / Stone Muountain, Georgia 30086 / (404) 621-8240 / 1-800-886-8240 / Fax (404) 621-8245 9
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ECOLINK, INC. (A DIV. OF SENTRY CHEMICAL CO), 1481 ROCK MTN BLVD., STONE MOUNTAIN, GA 30083
TEL: B0(/BB6-8240 OR 404/621-8240 REVISED 06/06/84 :

THIS MSDS COMPLIES WITH U.S. DEPARTMENT OF LABOR
OSHA'S HAZARD COMMUNICATION - QCCUPATIONAL SAFETY AND
STANDARD, 28 CFR 1810.1200. ’ HEALTH ADMINISTRATION.
STANDARD MUST BE CONSULTED (NON-MANDATORY FORM)

FOR SPECIFIC REQUIREMENTS. FORM APPROVED BY OMB

o T

EIDENTIEICATION: e s

= 3 NI S

PRODUCT IDENTITY (AS USED ON LABEL & LIST):

: ELECTRON
ENVIRONMENTALLY PREFERRED DIELECTRIC SOLVENT

MANUFACTURERS NAME EMERGENCY TELEPHONE NUMBERS:
SENTRY CHEMICAL CO 800/886-8240 or 80(/877-3339

1481 ROCK MOUNTAIN BLVD. © T 404)621-8240 or 404/934-4242

STONE MOUNTAIN, GA 30083

LT T

ENTS AIDENTRY INFORMATION = xssass syt

RECHON AL HAZARDOUS INGRED

COMPONENTS;
(BPECIFIC CHEMICAL IDENTITY; COMMON NAMES & CAS NUMBERS)
OBHA PEL, ACGIH TLV, % , OTHER LIMITS RECOMMENDED

HYDROTREATED LIGHT DISTILLATE
CAS# 64742478 >80.0 % " PEL/TLY 300 ppm SMG/MS3 (As Fine Mist)

SEE SECTION VI FOR PEL/TLV INFORMATION

THIS PRODUCT CONTAINS HIGHLY REFINED ALIPHATIC HYDROCARBONS AND TERPENES, WHICH ARE NOT
- CONSIDERED HAZARDOUS OR RESTRICTED BY EPA RCRA. :

ELECTRON, IN ITS PURCHASED FORM, IS NOT REGULATED UNDER SARA TITLE i} SECTIONS 311 & 312,
CERCLA (superfund) - N/A HMIS- 0/2/0/B NFPA- 1/2170
DOT regulated - N/A DOT Proper Shipping Name - NA DOT hazard class - VA DOT number- NJA

NOTE: ELECTRON DIELECTRIC SOLVENT IS COMBUSTIBLE (FLASHPOINT BELOW 200 deg F), AND SHOULD BE
HANDLED WITH CARE AROUND OPEN FLAME,

ALAA oS oA AT S AOAA RS AP OuA A ROt 44 semae

T e o M s S S T i

BOILING POINT : 370-380° F SPECIFIC GRAVITY(H20=1): 0.784
VAPOR PRESSURE(mM Hg.) : <t MELTING POINT : N/A
VAPOR DENSITY(AIR=1): >1 EVAPORATION RATE : «1

(BUTYL ACETATE = 1)

SOLUBILITY IN WATER: NEGUIGIBLE '
APPEARANCE & ODOR: CLEAR, COLORLESS LIQUID WITH MILD CITRUS ODOR

- continued on page two -
other side
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PAGE 2 MSDS : ELECTRON DIELECTRIC SOLVENT PART #0206
ECOLINK, INC. (A DIV. OF SENTRY CHEMICAL CO), 1481 ROCK MTN BLVD., STONE MOUNTAIN, GA 30083

FLASH POINT (TCC METHOD) ; 1479 F

FLAMMABLE LIMITS : NONE KNOWN

EXTINGUISHING MEDIA : REGULAR FOAM, CO2 OR DRY CHEMICALS

SPEGIAL FIRE FIGHTING PROCEDURES: TREAT AS A HYDROCARBON FIRE. WEAR SELF-CONTAINED, NIOSH
APPROVED, BREATHING APPARATUS.

UNUSUAL FIRE AND EXPLOSION HAZARDS: NON-TOXIC AND TOXIC FUMES MAY FORM UPON COMBUSTION.
STAY UPWIND OF FIRE.

% ~ (AP P HEHIPRAACCS:
YA PO el R SRS

¥

STABILITY : STABLE CONDITIONS TO AVOID: EXCESSIVE HEAT

INCOMPATIBILITY (MATERIALS TO AVOID): AVOID CONTACT WITH STRONG OXIDIZING AGENTS
HAZARDOUS DECOMPOSITION : OXIDES OF CARBON MAY BE FORMED UPON COMBUSTION
HAZARDOUS POLYMERIZATION : WILL NOT OCCUR

. PRy Ry

WM@%T‘:‘»&R G

NG GNY BNV O MBS F N RN IENS
PR AR A

PRIMARY ROUTES OF EXPOSURE : ORAL, INHALATION, AND SKIN

INGESTION : CAN CAUSE GASTROINTESTINAL IRRITATION, NAUSEA, VOMITING. :

INHALATION : ASPIRATION INTO LUNGS MAY CAUSE INJURY. EXCESSIVE INHALATION OF VAPORS MAY
CAUSE DIZZINESS OR HEADACHE. THIS PRODUCT HAS A LOW VAPOR PRESSURE AND 1S NOT
EXPECTED TO PRESENT AN INHALATION HAZARD. CAUTION SHOULD BE TAKEN TO PREVENT
AEROSOLIZATION OR MISTING WITHOUT TAKING SPECIFIC PRECAUTIONS.

EYES: EXPOSURE TO HIGH CONCENTRATION OF VAPORS MAY CAUSE IRRITATION.

SKIN CONTACT: PROLONGED OR REPEATED EXPOSURE MAY CAUSE SKIN IRRITATION, REPEATED
LONG-TERM CONTACT MAY CAUSE EXCESSIVE DRYING OR FLAKING OF SKIN.

EIRSTAID :

INGESTION: DO NOT INDUCE VOMITING. PROPUCT CONTAINS HYDROCARBON, CALL PHYSICIAN
INHALATION: REMOVE TO FRESH AIR. IF BREATHING DIFFICULT, GIVE OXYGEN, CALL PHYSICIAN.
EYES: IRRIGATE IMMEDIATELY WITH WATER FOR AT LEAST 15 MINUTES. CALL PHYSICIAN,

SKIN: WASH OFF IN FLOWING WATER OR S8HOWER USING SOAP AND WATER. REMOVE
CONTAMINATED CLOTHING AND WASH BEFORE REUSE.

- BECAUSE OF THIS MATERIALS LOW VAPOR PRESSURE IT IS NOT EXPECTED TO PRESENT AN INHALATION
HAZARD AT AMBIENT TEMPERATURE.

PEL/TLY INFORMATION:

THE TLV FOR PETROLEUM DISTILLATES IS 300 MG/M3. NIOSH HAS RECOMMENDED A 10-HR TWA OF 400
MG/M3 FOR KEROSENE. SHOULD THIS MATERIAL BE APPLIED UNDER MODERATE TO HIGH PRESSURE, A MIST
MAY FORM IN AIR. THE 8 HOUR TWA PEL FOR THIS PRODUCT AS AN OIL MIST IS 5 MG/M3. EXPOSURES BELOW
6 MG/M3 APPEAR TO BE WITHOUT ANY SIGNIFICANT HEALTH RISK. THE SHORT TERM EXPOSURE LIMIT FOR
THIS PRODUCT AS AN OIL MIST IS 10 MG/M3. AIR MONITORING MAY BE CONDUCTED WITH AN APPROPRIATE
ORGANIC VAPOR (HYDROCARBON) MONITORING SYSTEM. -

CARCINOGEN : NTP-NONE IARC MONOGRAPHS-NONE OSHA REGS-NONE
LD 50 INFORMATION, (BASED ON DATA EXTRAPOLATED FROM INGREDIENTS)

ACUTE ORAL TOXICITY (RATS): 4.2 Gms/Kg
ACUTE DERMAL TOXICITY (RATS): 7.0 Gme/Kg
- on page three -
. atachad
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PAGE 3 MSDS : ELECTRON DIELECTRIC SOLVENT PART #0296 .
ECOLINK, INC. (A DIV. OF SENTRY CHEMICAL CO), 1481 ROCK MTN BLVD., STONE MOUNT, AIN, GA 30083

.............. A
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RESPIRATORY PROTECTION : NOT REQUIRED UNDER CONDITIONS OF NORMAL USE. IF VAPOR MIST I8
GENERATED, USE A NIOSH CERTIFIED ORGANIC VAPOR RESPIRATOR WITH A DUST AND MIST FILTER.
VENTILATION : LOCAL EXHAUST/ HOOD OR FAN  MECHANICAL/ NONE REQUIRED

PROTECTIVE GLOVES : NITRILE GLOVES ARE RECOMMENDED

EYE PROTECTION : SAFETY GLASSES ARE RECOMMENDED

OTHER PROTECTIVE CLOTHING : NONE REQUIRED

WORK PRACTICES : USE WITH ADEQUATE VENTILATION, WASH HANDS AFTER USE.

RS2 IR AR T e o e
8 Umw»smnwwwﬁ RS
W E BN o A O

SMALL SPILL : REMOVE ALL EOURCES OF IGNITION! ABSORB LIQUID ON ABSORBENT MATERIAL

LARGE SPILL : REMOVE ALL SOURCES OF IGNITION! PERSONS NOT WEARING PROTECTIVE EQUIPMENT
SHOULD BE EXCLUDED FROM AREA. DIKE AREA OF SPILL TO PREVENT SPREADING, THEN PUMP INTO
STORAGE TANK/DRUM. PREVENT RUNOFFS TO SEWERS OR BODIES OF WATER. IF RUNOFF OCCURS, NOTIFY
PROPER AUTHORITIES.

WASTE DISPOSAL METHOD : TREAT AS SIMPLE OIL WASTE. INCINERATE OR LANDFILL IN MANNER
CONFORMING TO STATE, FEDERAL AND LOCAL REGS. '

PRECAUTIONS TO BE TAKEN IN HANDLING & STORING : TREAT AS A COMBUSTIBLE LIQUID. AS WITH ANY
COMBUSTIBLE OIL OR SOLVENT, ALL RAGS USED IN CONJUNCTION WITH THIS PRODUCT MUST BE PLACED IN
A METAL SEALABLE CONTAINER AFTER USE TO AVOID THE POSSIBILITY OF SPONTANEOUS COMBUSTION.
KEEP CONTAINER CLOSED. READ LABEL BEFORE USE. AVOID EXCESSIVE CONTACT WITH FUMES OR LIQUID.

e SECTON K RATIONAL STOCK NUMBERS e e e
NSN 6850-01-375-5555 PART #0206-55 - 55 GALLON DRUM
NSN 8850-01-375-5663 PART #3206-06 - 6 GALLON PAIL
NSN 6860-01-375-5554 PART #0296-01 - 1 GALLON JUG

DISCLAIMER: ECOLINK/SENTRY CHEMICAL BELIEVES THAT THE INFORMATION CONTAINED ON THIS MATERIAL SAFETY DATA
SHEET IS ACCURATE. THE SUGGESTED PROCEDURES ARE BABED ON EXPERIENCE AS OF DATE OF PUBUCATION. THEY ARE
NOT NECESSARILY ALL INCLUSIVE NOR FULLY ADEQUATE N EVERY CIRCUMSTANCE. ALSO, THE SUGGESTIONS SHOULD NOT
% c&z;&sEENprs WITH, NOR FOLLOWED IN VIOLATION OF APPLICABLE LAWS, REGULATIONS, RULES OR INSURANCE

Ql .

END OF MSDS ; ELECTRON DIELECTRIC SOLVENT
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Environmentally Preferred
Solutions For Industry

ELECTRON TODAY

As we reach the drop-dead date for chlorinated solvents, ELECTRON is proving to
be a welcome and necessary aiternative cleaner. The power generation
community successfully uses ELECTRON, in place of 1,1,1 trichloroethane, for all
maintenance activities. While ELECTRON is not exactly the same as 1,1,1
trichloroethane or CFC-113, it can and is being used as an environmentally
preferred alternative.

Utilities using ELECTRON, (for two years or more), include Southern California -
Edison, Lower Colorado River Authority, Indiana Michigan Public Servnce.
United llluminating, Potomac Electric Power and Virginia Power.

In 1990 Westinghouse realized that they needed a safe, effective alternative to
1.1,1 trichloroethane. They began a test program, and studied over 40
alternative products. In 1991, after a year of intensive study, (from
environmental to material compatibility), they announced their findings:
ELECTRON was selected as the Westinghouse Power Generation Service
Division environmentally preferred alternative of first choice.

In 1891, another Westinghouse study began, this time looking at alternatives
for non-destructive testing. In 1992, another Westinghouse report was issued,

citing one environmentally preferred solvent as their first choica for non-
destructive testing pre-post clean and penetrant removal...ELECTRON.

in 1992 the Department of Defense Joint Qil Analysis Program studied 15
alternatives, searching for a critical instrument cleaning solvent to replace CFC-
113. The Joint Oil Analysis Program, or JOAP, certifies that critical fluid tests,
performed at Army, Navy, Air Force and Allied Facilities worldwide, all meet the
same quality specifications. The JOAP found only one environmentally
preferred solvent effactive and consistently reliable enough to specify for all

gritical oil analysis iab use, worldwide...ELECTRON.

In 1993, the U.S. Navy released their final military specification revision for
eliminating CFC-113 and 1,1,1 trichloroethane in critical hydraulic fluid systems
cléaning. The 1993 NAVSSHIPS Repalr Manual for Critical Hydrauluc System

Maintenance gpecifies ... ELECTRON.

ELECTRON isn't @ miracle solvent, but it does work. We welcome the opportunity
to show it to you.

S SENTRY CHEMICAL COMPANY

1481 Rock Mountain Blvd, / Stonc Mountain, Grorgia 30086 / (404) 621-R240 / 1-R10-886-8240 / Fax (404) 621-8245
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"ECOLINK PRODUCT USE MATRIX
PRODUCT DESCRIPTION REPLACES APPLICATIONS VOC
ATR-C Organic Asphalt 111 TCA Asphalt bot mix test extraction, , | 797 gm/liter
Extraction Solvent asphalt removal from equipment.
ATR Hi-Flash Organic Asphalt 131 TCA Asphalt bot mix test extraction, , | 804 gm/liter
' Extraction Solvent asphalt removal from equipment. .
BLEND 300 Quick-dry Aqueous 111 TCA, Soil rxmoval/Wipe-down prior to | 35 gm/liter ~
Solveat MEK, METH _ | painting or welding
COIL WS All purpose non-corrosive | Chlorinated Cutting, Boring, Grinding, 0
cutting fluid cutting fluids - | Milling
ECOLINK 2005 | Non-flammable aerosol, | CFC-113 Cleaning electrical contacts and exempt
CFC-Free contact cleaner | 111 TCA other critical components in spot- | compound
/ electrical solvent cleaning spplications
ELECTRON Non-Aqueous Dielectric | 111 TCA, Electrical Maintenance, 782 gms/liter
(werusul & bulk) Solveat CFC-113 Motors, Generators, Aero: 776 g/l
General Wipe-down
Electron QED ‘Fast drying, non-aqueous | 111 TCA, Wipe-down or dip tank when very | 749 gm/liter
(alzo available with MEK, MIBK, | fast dry, non-aqueous cleaning is
tarpene = QEDT) CFC-113 required
Electron QEDT | Fast drying, non-aqueous | 111 TCA, Wipe-down or dip tank when 776 gm/liter
solveat, (like QED) w/ MEK, MIBK, | high solveacy, very fast dry, non-
distilled terpane CFC-113 agueous cleaning is required.
HEAVYWEIGHT | Aqueous Cleaner Caustics, Cleans non-ferrous or aluminum 69 gm/liter
Non-Butyl Non Alkaline/Non-Butyl | Butyl based parts in dip, wipe or spray.
MICROPURE Electronics Grade De- CFC-113, Printed circuit boards, 1000 gms/liter
CDF Flux, Board Solvent 111 TCA microcircuits
PARTS PREP Semi-Aqueous Degreaser | 111 TCA, Removes carbon, grease, flux, 920 gms/liter
CFC-113, lubricating oils, & uncured epoxy
Vapor resins
Degpreasers )
FEN-T22 Non-chlorinated Penetrent | Chlorinated Protect metal, frees nuts, bolis, 56 gm/liter
Penetrants displaces moisture
PREP RITE Paint & Coatings METH, MEK, | Strips most paint & coatings from | 960 gms/liter
Remover (pel form) Toluene, efc. metal surfaces )
] RIP-TIDE Aqueous Solvent Caustics, Cleans grease, carbon deposits, 50 gm/liter
alkaline, steamn | coul dust, fucl oil & water based :
. paints
RTP-TIDE RI Rust Inhibited Aqueous Caustics, Power washing or parts tank 50 gm/liter
Solvent alkaline, steam | cleaning. Cleans grease, carbon
deposits, coal dust & fuel oil.
Rust inhibited.
SAFE STRIP Paint & Resin Solvent METH, MEK, | Immersion stripping of paints, 995 gms/liter
Caustics cleaning paint guns & lines
UNIVERSAL Aqueous Steam Cleaner | Solveat Large parts tleaning using a steam | 0 gm/liter
cleaning ¢lean machine
VORTEX Water rinsable citrus 111 TCA, Aggressive solvent for cleaning all | 797 gm/liter
terpene blend CFC-113 organic and inorganic soils, _
{Ereasc cosmoline, rusin flux).
‘Wipe, rinse or steam off after use,
VORTEX-NS Non-rinsable citrus 111 TCA, Aggressive solvent for cleaning all | 840 gm/liter
terpene blend CFC-113 organic and inorganic soils,
(grease cosmoline, rosin flux).
Wipe off after use.
FOR MORE INFORMATION: ECOLINK 404/621-8240
2-63 A
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ks PRIDE 16y oA

\.

W 2250
TERNATIONAS w
RE: CITRISOLV PLUS '

A product formulated to naturally degrease, penetrate and liquify heavy |.
grease and oil deposits from virtually any surface. This pleasantly scented-
product is ideal for removing oily films from metal surfaces, cleaning motors and
engines, removing adhesives, resins, and as a general replacement for xylene,.
toluiene, benzene, trichloroethane, trichiorethylene, methylene chloride, and many
other hazardous solvents. ‘ .

This formulation contains a high. concentration of natural citrus soivents
(Tg:fene). it is non-conductive, non-corrosive to metals, as well as
biodegradable, yet possesses a superior solvency and grease dispersion. As
with any chemical, use with due care according to the instructions and
precautions on the label, )

Non-Acid * Non Fuming * Non-caustic * Biodegradable *
*Non-Corrosive to metals * ’

CAUTION'

Combustible. Keep away from heat and open flame. Do not take internally.
Avoid contact with eyes. In case of contact, immediately flush eyes with
plenty of water for at least 15 minutes. If irritation persists, seek medical
attention. If swallowed, consult a Physician immediately.

CONTAINS NO PETROLEUM HYDROCARBONS.

NOTE: Citrisolv Plus is a concentrated organic formula that may be harmful to
plastics or painted surfaces. Test surface prior to application. use
Citrisolv Plus is a powerful grease solvent, it will defat skin. When using
Citrisolv Plus, weaning of rubber gloves is recommended to avoid chapped skin.
Keep container tightly closed when not in use.

FOR COMMERCIAL AND INDUSTRIAL USE ONLY.

JEFF BZRLIN

110 Schmitt Boulevard e Farmingdale, NY 11735-1462

P.O. Box 9927, Postal Station "A" @ Toronto, Ontario M5W 2J2
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P 22270
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TECHNICAL DATA
CITRISOLV PLUS

190 [0 VUSRS VUV SR Citrus

ity :
Specific Gravity...........coucremeceemsesrusnnnenn 0.96
Petroleum Distiallates........c.ccooveunenersvanns None
Chiorinated Hydrocarbons.........c.essesene. None
Solubility in Water.........ccenvverncnerirsssenes Emuisifies

Distributed By:

PRIDE INTERNATIONAL, INC.

110 Schmitt Bivd.
Farmingdale, New York 11735

(800) 645 - 9523, Outside New York
(516) 752 - 9595 In New York
(516) 752-7848 FAX

JEFF BERUN

110 Schmitt Boulevard @ Farmingdale, NY 11735-1462

" Facsimile

(516) 7521705

P.O. Box 9927, Postal Station "A” @ Toronto, Ontario MSW 2J2
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Material Safety Data Sheet CITRISOLV_PLUS
: ' Identity (rade Name As Used On Label)
PRIDE GROUP INC.
Manutacturer MSDS Number*
110 SCHMITT BLVD.
Address CAS Number*
FARMINGDALE, NY _JJ1735 5/24. /89
Date Prepsred
(516) 752-8600 RICHARD MEIER
Phone Number (For information) Prepared By*
(516) 752-8600 Note: Blank spaces are not permitted. If any item is not applicable, or no
Emergency Phone Number Telex* information is available, the space must be marked to indicste thet,
SECTION 1 - MATERIAL IDENTIFICATION AND INFORMATION
(Hazantous Components 1% of ges i oras D% or preatet) %e | P | A0 | EliMENOED

CONTAINS NO HAZARDOUS
INGREDIENTS AS DEFINED BY

OSHA COMMUNICATION STANDARDS

Non-Mazardous (ngredients 100

TOTAL 100

SECTION 2 - PHYSICAL / CHEMICAL CHARACTERISTICS

] Thic Gf

Pom®  280°F s(m;o T

Vapor P

(mpn?Hgnas:d Temperature)  N/A &fmm __N/A

V.

(:5“ -De"s'w N/A lgmpgxﬂm E’m@ SLOWER
_I_t

Woon  COMPLETE Reostive NO

‘Appearance .

and Odor PALE STRAW COLORED LIQUID - CITRUS ODOR

SECTION 3 - FIRE AND EXPLOSION HAZARD DATA

“Fiash Point and Auto-ignition - | Flammability Limits in LEL UEL
Method Used 180°¢ TCC 'kmpegr';ture N/A Air%by\foume' CN/A

Yegg “™  ©0,, DRY CHEMICAL, FOA,
“Special i
fghting Procedures _ AS WITH ANY FIRE WHICH MIGHT INVOLVE CHEMICALS.

ALWAYS WEAR SELF-CONTAINED BREATHING APPARATUS,

Unusual Fire and
Explosion Hazards COOL EXPOSED CONTAINERS TO PREVENT BURSTING

»

*Optional ) . 5
2-68 <
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SECTION 4 - REACTIVITY HAZARD DATA

STABRLITY Qonditions
Stable To Avoid

Unstable

Cimermie to Avid)  STRONG OXIDENTS

Hazardous
Decomposition Products

HAZARDOUS POLYMERIZATION | Conditions
May Occur ) To Avoid -
Wull Not Oceur
SECTION 5 - HEALTH HAZARD DATA
PRIMARY ROUTES. L Inhalation ingestion CARCINOGEN D NTP [J OSHA
OF ENTRY O skin Absorption [ Not Hazardous LISTED IN DO 1ARC Monograph B8 Not Listed

Acut
HEALTH MAZARDS | "% o wnown

Chronie  NOT KNOWN

Signs and. Symptoms

SKIN REDDENED BY PROLONGED CONTACT
Mede Oondlhons NOWN
Generally Apgravated by Exposure  NOT K

EMERGENCY FIRST AID. PROCEDURES - Seek medica! assistance<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>